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ABSTRACT
Understanding prey preference in Eurasian otters, Lutra lutra, is important to provide greater
insight into aquatic predator-prey relationships which will inform conservation efforts. Identifying the
composition of an organism’s diet is one of the primary steps in understanding an organism and
developing effective conservation strategies. This study expands upon basic identification of consumed
items to estimate size of fish eaten by Eurasian otters to provide information on the diet of these
important aquatic predators. Many studies on the Eurasian otter have considered diet from river
systems, yet less is known of their diet in marine systems. The goal of my study was to provide greater
insight on the diet of Eurasian otters in marine/coastal environments. The objectives were to conduct a
qualitative assessment on items consumed and to conduct a quantitative analysis on fish species eaten.
I first hypothesized that otters consume a wide variety of prey items I predicted fish to be the most
frequently consumed prey item. Secondly, I hypothesized otters will select larger and slower fish
species. I predicted the length and age estimations will suggest adult fish are being eaten more. I also
predicted slower fish species will be selected more than other species I identified consumed items by
assessing items in spraints. I photographed fish otoliths under scope magnification to outline the otolith
shape for species identification. Finally, I performed fish total length on total otolith length regressions
to estimate size and age. The Eurasian otter spraints in Galicia (Northwest region of Spain) reveal a
majority of spraint parts originating from marine rather than freshwater fish and prey. This study
identified cephalopods as prey items for the first time and majority of fish selected where in the family
Gobiidae. Investigating diet in this novel environment has allowed further insight into the flexibility of
otter foraging and how their diet reflects their environment, which has important conservation
implications for this threatened species in this study area.
Key Words: Eurasian otter, diet, marine
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INTRODUCTION
The Eurasian otter, Lutra lutra, is the most widely distributed species from the subfamily Lutrinae with a historical range from Portugal to Japan (Conroy and Chanin, 2000).
According to the IUCN Red List, the Eurasian otter’s status is currently categorized as ‘near
threatened’ based upon a combination of events and threats which led to their population
declines in the 20th century. For example, the use of chemical farming expanded rapidly in the
United Kingdom, and Organochlorine insecticides, DDT (dichloro diphenyltrichloro ethane), and
BHC (Benzene Hexachloride or Gammaxene) were used ubiquitously across the agricultural
landscape in the 1950s (Jefferies and Hanson, 2001). Insecticides are most well-known for avian
mortalities, but have also contributed to declines in otter populations. As chemical pollutants
leached into water systems, otter prey availability and abundance declined and contributed to the
population decline of otters (Mason and Macdonald, 1989). There is strong support through
analytical results that organochlorine insecticides affected United Kingdom’s otters in Britain as
much as the avian community (Jefferies and Hanson, 2001). Additionally, Eurasian otters faced
habitat fragmentation which added to their decline across Europe (Mason and Macdonald, 1986;
Chanin and Jefferies, 1978). In Spain specifically, it was not till the end of the 1990s when otter
populations were restricted to central Spain due to habitat fragmentation (Delibes, 1990).
Healthy populations remained in territories such as Galicia and over time have naturally
increased, with notable increases along coastal areas (Santosreis et. al., 1996; Ruiz-Olmo and
Delibes, 1998; Lopez et. al., 1994). Otters still face threats such as habitat destruction, hunting,
traffic accidents, and damming of streams (Gutleb, 2000). These threats add to the need for
further knowledge about Eurasian otter populations in Spain and across Europe to better manage
and conserve this species.
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The Eurasian otter is a predator commonly found in freshwater rivers, streams, swamps,
lakes, and ponds. Often considered ‘opportunistic feeders’, Eurasian otter diets can reflect prey
abundance in their environment (Pardini, 1998). Eurasian otter diet in freshwater environments
typically consists of a wide range of prey from fish to crayfish to tetrapods and even small
mammals (Almeida et.al., 2012). Research has been able to identify Eurasian otter prey items
through non-invasive spraint (feces) analysis. Spraint analysis is one of the most convenient
methodologies to study Eurasian otters because the otters in freshwater systems are nocturnal
and elusive (Mason and Macdonald, 1986). Recent research has identified preferred fish species
in an area consumed by the Eurasian otter and quantify size of fish through bone to fish length
regressions (Wise, 1980). Ecology and prey items of Eurasian otters in freshwater systems has
been extensively studied, but much less is known about Eurasian otters in marine systems.
Eurasian otters have been recorded to inhabit coastal and marine environments but little
is known about their ecology in these systems (Parry et. al., 2011). The most extensive research
on Eurasian otters’ ecology in marine systems comes from Scotland beginning in the 1970s
(Watson, 1978; Kruuk et. al., 1987; Kruuk and Moorhouse, 1990; Watt, 1995). Other studies of
Eurasian otters in coastal and marine environments have originated out of Norway (Heggberget,
1993), Portugal (Beja, 1991), Eire (Kingston et. al., 1999), and Spain (Clavero et. al., 2004).
These studies provide evidence of Eurasian otters’ presence along the coast of the eastern
Atlantic Ocean. In addition, the studies provide evidence of ecological differences between
freshwater and marine system otters including prey selection and predatory behavior, as
marine/coastal otters hunt during the day rather than at night contrasting with nocturnal patterns
of freshwater otters. Additionally, rather than seasonal variability in prey items, marine/coastal
otters’ prey availability is uniform in a non-seasonal marine and coastal environment (Kruuk et.
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al., 1988; 1993; Cote et. al., 2008). Coastal and marine Eurasian otters’ diet differ substantially
as otters are predators that utilize opportunistic feeding behavior that reflects what is available in
their environment. The relationship between otters’ environment is obvious in their diet (Mason
and MacDonald, 1986; Kruuk, 2006). Many studies reveal fish species comprise the majority of
Eurasian otters’ diet (Mason and Macdonald, 1986); however, a in South West England revealed
the most common prey was Eel ,Anguilla anguilla, through stomach analysis (Britton et. al.,
2006). Other studies reveal prey items other than fish make up for a large percentage of their diet
(Watson, 1978; Murphy and Fairley, 1985; Mason and Macdonald, 1986; Weber, 1990).
Differences in prey selection are most likely due to local availability of prey specific to that area
(Nolet et. al., 1993). It is apparent that otter diets are highly variable and reflect local resources,
even within marine/coastal Eurasian otters
Presence of a Eurasian otter in a marine system creates a unique and ongoing research
opportunity into further diet insight which leads to the importance of the Eurasian otters’
presence in our study area of the Ría de Arousa, a marine system. The Eurasian otters’ habitat
and flexibility in their diet is one of the factors that makes this species one of the most interesting
subjects for research as there are high variations. Diet is primary ecological information needed
to understand organisms and critical to developing sound conservation strategies. Diet
assessment is difficult for the marine/coastal Eurasian otter though, as they are rarely seen,
difficult to trap or mark, and secretive (Hajkova et. al., 2008). Methods created to collect data on
the Eurasian otter include indirect techniques, such as spraints and tracks, and direct techniques,
such as capture. In the case of direct handling, the otter’s health is at risk for injury or even death
(Arnemo et. al., 2006). Analyzing the spraints of the otters is a proven non-invasive method to
gather critical diet information (Ferrando et. al., 2008). Within spraints, hard structures, such as
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otoliths, can be found and used to identify prey items. Otoliths are utilized for identification of
fish species as the calcium carbonate structure takes longer to digest than soft prey parts of fish,
allowing for a better representation of diet. Thus, we chose to analyze the spraints and otoliths
found from the Eurasian otter in the Ría de Arousa. The Ría de Arousa is a significant location
with upwelling events increasing the nutrients and the production in the waters, including
plentiful prey items for the Eurasian otter. Items consumed from the otter can be analyzed and
identified from the spraints. Within the spraint, fish species can be identified from otoliths, inner
ear bone of fish which can provide information such as fish taxa, size, and age (Harvey et. al.,
2000).
The goal of this study was to provide information on diet of Eurasian otters in
marine/coastal environments. This study focused on two questions. The first was a qualitative
assessment of the overall diet composition of the Eurasian otter in a marine/coastal habitat. The
second was a quantitative assessment of the species and length size of fish selected for by the
Eurasian otter. I first hypothesized that otters consume a wide variety of prey species. I predicted
fish to be the most frequently consumed prey, as previous studies have suggested (Mason and
MacDonald, 1986). Second, I hypothesized otters eat more larger and slower fish species. I
predicted the otters eat larger fish suggesting they prey more heavily on adults. I also predicted
that otters select slower moving fish species most frequently as seen in previous studies done
with other otter species (Cote et. al., 2008). From this information we understand more about
this novel predator-prey interaction which can lead to further inferences on the adaptability of the
Eurasian otter and its future as a species. Research, such as diet composition and analysis in
novel environments, can allow us to use our resources wisely to invest in effective management
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plans such as habitat naturalization and corridor restoration across all environments Eurasian
otters inhabit (Prigioni et. al., 2007).

METHODS

Approach
This study is using a mixed methods research approach. The first part of diet analysis
looking at overall spraint content is considered a qualitative design. I identified parts in the
spraint and gave a descriptive report. This is the best approach when it comes to diet analysis as
past literature has often shown the errors that can occur with over-estimating prey items when
trying to enumerate and provide quantitative results (Britton et. al., 2006). The second part of
this study, otolith analysis, is considered using a quantitative approach as I have measurements
of width and length from each otolith. This approach provides information on overall otolith
sizes and averages, but it also allows regression lines to be performed to predict total fish
lengths. The method of predicting total fish length from otolith length has been extensively used
in research, primarily fisheries, and it has provided reliable predictions (Tollit et. al., 1997).

Study Area
The Ría de Arousa is the largest ria in the North West waters of Galicia, Spain (Koldijk,
1968). Upwelling events in the Ría facilitate a highly productive system. The Ría de Arousa
opens towards the Atlantic Ocean and was home to a range of marine species such as Cetaceans,
birds, fish, cephalopods, crustaceans, and the Eurasian otter (Figure 1).
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The spraint collection site was located in the harbor of O Grove Galicia, Spain. The
specific location of the spraint site was conveniently the small research vessel of the Bottlenose
Dolphin Research Institute (BDRI), Benur. The harbor of O Grove was lined with large rock
piles creating optimal shelter for juvenile fish and the Eurasian otter in and above the water line.

Collection and Sample Preparation
BDRI volunteers collected samples throughout March and April of 2018 and January and
February of 2019. For purposes of this study, one sample is considered the number of spraints
collected at one time (multiple spraints can make one sample). I prepared and cleaned samples
with freshwater through a course strainer in a bowl. I kept all the water and strained again with a
finer strainer. I placed the sample on paper towel to dry with care not to lose any items from the
sample. I identified items of consumption through hard remains in the samples. I separated the
items into the following labeled plastic bags: bone structures and scales in large bag; mammal
bones, shells, crustaceans, beaks, stones, and fur in a medium bag; and otoliths and fish eyes in
smallest bag. If a cuttlefish bone was found at the spraint site, I labeled and placed cuttlefish
bones in a jar. If a parasite was found in the sample, I took pictures through the microscope and
placed the parasite in a labeled jar filled with alcohol. I washed and put away all equipment after
each sample. I recorded the following information for each sample: items, how many spraints,
date of sample, and date of analysis. To ensure the quality of data, I analyzed all spraint samples
at most two days after collection and without freezing the sample.
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Otolith Analysis
I classified otoliths into full, damaged, or broken pieces. I considered otoliths full if they
had no chips (Figure 2). Otoliths with at least half or less of the total structure damaged, I
considered damaged (Figure 3). Otoliths that were damaged more than half, I considered pieces
and no photographs were taken. In each sample, I identified otoliths into pairs or alone to assume
if otoliths came from the same fish. I identified a pair if two otoliths within the same sample had
identical shape and size, and I classified the pair as one individual. If only one otolith was found
without a pair, I classified it as one individual. I did not enumerate fish based on otolith pairs as I
removed damaged or otolith pieces from my data. I measured each full otolith for width and
length by hand using a digital caliper to the nearest 0.01mm.
I photographed each full otolith on both sides and recorded each photo id and
measurement. I edited the photographs of the otoliths for best contrast and refinement of the
shape and rescaled the photos for the databases preferred resolution of 500-600 pixels. Once
edited, I uploaded the photos into an outside database, Shape Analysis of Fish Otoliths
(AFORO), to match the otolith shape and size to fish species. The database would create an
outline of the otolith from the uploaded photo and run a matching analysis to photos in its
database. Then the database would provide up to nine possible fish species’ options. I manually
identified the specific species to the output of options and cross-referenced the species range to
the study area.
I manually identified the species when the AFORO database did not produce realistic
options in regards to the study area and fish species’ ranges. I used a manuscript of fish species
found in the Ría de Arousa and looked up each species’ otolith photo in the AFORO database
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(Bañon et. al., 2011). I cross-referenced potential fish species’ range to the study area and
identified the best matches of otolith photos and fish species.
Finally, I recorded all the spraint information into a database which included all content
information for each sample and otolith information. The database identified how many spraints
in each sample, the contents of the samples, date of sample, date of analysis, otolith edited
photos and otolith measurements.

Statistical Analysis
Following Bekker and Nolet (1990), I counted and calculated the consumed items and
composition in spraints by number of occurrences, relative frequency of occurrence (RO), and
percentage frequency of occurrence (PO). I calculated number of occurrences by the count of
each item in all samples. I calculated relative frequency of occurrence by dividing the number of
occurrences of each item over all occurrences, then multiplied by one hundred for a percent. I
calculated percentage of occurrence by dividing the number of occurrences of each item over all
samples, then multiplied by one hundred for a percent (Table 1).

I estimated total fish lengths by calculating the regression equation (y=ax^b) using otolith total
length from measured otoliths (x) and length references (a, b) from the AFORO database
(Giménez et. al., 2016). I calculated means of species’ otolith length, otolith width, and estimated
total fish length and complied data by species.
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RESULTS AND DISCUSSION

Spraint Components
Over 90 otoliths, 30 spraints, and 15 samples were collected from March 25th, 2018
through April 30th, 2018 and January 30th, 2019 through February 2nd, 2019. Items found in the
spraints that were present in all samples were otoliths, fish scales, and fish bones; accounting for
over 90% in percentage of occurrence of the items consumed in the diet (Figure 4). Fish bone
and fish scales accounted for 100% in percentage of occurrences in samples (Table 1). All
identified items that were found within at least one of the samples included: fish eyeballs, fish
jaw bones, crustaceans, algae, cuttlefish beaks, shells, snails, stones, plastic, mammal bones,
mammal hair, ticks, and barnacles. These items accounted for less than 60% in percentage of
occurrence of all the items found and identified within the spraints. Items that were found near a
spraint at the spraint site but not within the spraint were not included in relative and percentage
frequency occurrence equations and were the following: otter hair and cuttlefish bone. There
were in total 18 items that were identified within and near the spraints.

Otolith Analysis
Out of 99 otoliths found total in all samples, 3 otoliths were damaged and 6 otoliths could
not be matched to a species in the study area. 11 fish species were identified for 90 otoliths
(Table 2). Means for total otolith lengths and total otolith widths ranged respectively from 1.043.99 mm and 0.73-2.99 mm between all species of fish (Table 2). Regressions of fish total
lengths on total otolith length for 6 species with available data. Between all species, total fish
length means ranged from 24.61-337.97 mm (Table 2). The European Eel ,Anguilla anguilla,
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was the longest estimated length of 337.97 mm. Out of 11 species identified, 5 species belong to
the family Gobiidae.

Species Identified
The mean total otolith length (OL), total otolith width (OW), and total fish length (FL)
for the species Gobius niger (Black Goby) was: 3.99 mm, 2.80 mm, 97.29 mm, respectively
(Table 2). Out of the 90 identified otoliths, 16 of the otoliths belong to the Black Goby and
accounted for 18% occurrence in all otoliths. Figure 5 shows the fish total lengths on total otolith
length regression estimation using the following a (23.03) and b (1.04) length references
(Giménez et. al., 2016).
The Black Goby range matches the study area of the Atlantic waters of the Ría de Arousa
(Wongsomnuk and Manevonk, 1973). From the otoliths collected in the samples, the range in
total fish length of this species is between 65-116 mm. In the literature, the average Black Goby
can reach a maximum length of 160 mm and age of 5-years-old (Filiz and Toğulga, 2009).
Comparing our range of total lengths of a Black Goby eaten by the Eurasian otter and length
comparison charts of this species, we estimate age our range of data is between 0-2 years old for
male and female Black Gobies. Black Gobies become sexually mature around 78mm (Filiz and
Toğulga, 2009). From our estimated fish lengths and length at maturity, 75% of our species are
considered adults (12 out of 16 fish).
The mean OL, OW, and FL for the species Anguilla anguilla (European Eel) was: 2.21
mm, 1.63 mm, 337.97 mm, respectively (Table 2). Out of the 90 otoliths, 2 of the otoliths belong
to the European Eel. Species with 2 or less otoliths do not have regression figures.
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The European Eel matches our study area as these eels live in a variety of benthic habitats
but are most commonly found to bodies connected to the ocean (Kattegat and Freyhof, 2007).
Our estimated length of eels ranged from 314 to 361mm. We can estimate whether the eels were
adults by comparing length estimations to known lengths and ages of maturity of male and
female eels (Cattrijsse and Hampel, 2000; Deelder, 1970). Our estimations suggest the Eurasian
otter ate either a female less than 10 years old or a male between 6-12 years old. We can
conclude the otter in this study is consuming adult eels.
The mean OL, OW, and FL for the species Sprattus sprattus (European Sprat) was: 1.07
mm, 0.85 mm, 70.28 mm, respectively (Table 2). Out of the 90 otoliths, 3 of the otoliths belong
to the European Sprat. Figure 6 shows the fish total lengths on total otolith length regression
estimation using the following a (66.06) and b (0.96) length references (Giménez et. al., 2016).
The European Sprat range across Northeast Atlantic waters and biology to inshore
schooling fits to our study area (Riede, 2004). The estimated length of European Sprat in our
study ranged from 64 mm to 73 mm. Known lengths of maturity for sprat range from 80-120 mm
(Beverton, 1963). Therefore, the eaten Sprat were not adults. Most likely the Sprat were
juveniles as this is consistent with young Sprat’s behavior of drifting inshore (Parmanne et. al.,
1994).
The mean OL, OW, and FL for the species Gobius roulei (Roule’s Goby) was: 3.77 mm,
2.77 mm, 79.99 mm, respectively (Table 2). Out of the 90 otoliths, 12 of the otoliths belong to
Roule’s Goby and accounted for 13% occurrence in all otoliths. Figure 7 shows the fish total
lengths on total otolith length regression estimation using the following a (30.51) and b (0.73)
length references (Giménez et. al., 2016).
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Roule’s Goby is commonly found inshore of the Mediterranean Sea but have been
recorded to range toward the offshores of Portugal (Miller, 1986). While Roule’s Goby is a
bathydemersal species and prefers depth range of 320 - 385 m, it is possible to find this species
in our study area. The Ria de Arousa is a very active harbor and acts as a gate to the Atlantic
Ocean for fishmen. Anecdotally, it has been reported fishmen often throw unwanted fish
overboard once entering the harbor. This may lead to an explanation of finding known
bathydemersal fish in shallower waters. This study’s data estimates Roule’s Gobies consumed by
the Eurasian otter to range between 52-97 mm in length. With little literature on Roule’s Goby
available, length at maturity of an adult fish is unknown. However, similar life history traits of
species across the family Gobiidae can allow use of length at maturity from the Black Goby as
substitution. Black Gobies’ length at maturity of 78mm overlaps within Roule’s Gobies’ total
fish length. Out of 12 otoliths, 8 Roule’s Goby otoliths estimate total fish lengths of adults and
account for 68% of the species’ otoliths to be adults.
The mean OL, OW, and FL for the species Gobius gasteveni (Steven’s Goby) was: 3.3
mm, 2.99 mm, 72.79 mm, respectively (Table 2). Out of the 90 otoliths, 18 of the otoliths belong
to steven’s Goby. Figure 8 shows the fish total lengths on total otolith length regression
estimation using the following a (27.02) and b (0. 83) length references (Giménez et. al., 2016).
Steve’s Goby’s distribution is across the costal shores of the Eastern Atlantic Ocean.
Steve’s Gobies are demersal and can be found near muddy, sandy shores (Hureau and Monod
(eds.), 1979). This distribution matches our study area within the Ría. Estimations of fish length
from our study’s otoliths range between 54-110 mm for this species. Little literature can be
found over known lengths at maturity of Steve’s Gobies. Therefore, we substitute Black Gobies’
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length of maturity at 78 mm. Total fish lengths from 7 out of 18 estimates are adult Steve’s
Gobies and account for 39% of Steve’s Gobies.
The mean OL, OW, and FL for the species Salmo salar (Atlantic Salmon) was: 1.0 mm,
1.50 mm, 24.61 mm, respectively (Table 2). Species with 2 or less otoliths do not have
regression figures.
Atlantic Salmon’s life cycle consists of mostly freshwater system but include 1-4 years in
marine waters when they often migrate to spawn (Rochard and Elie, 1994). Atlantic Salmons’
distribution ranges across the Northern Atlantic Ocean. From this information we can suggest
this species presence in our study area. The Ría de Arousa gives access to Atlantic Salmon to
coastal marine waters to spawn. The Ría de Arousa also is connected to the Río Ulla, a
freshwater river. The Atlantic Salmon length estimation in our data suggest a fish of 24 mm to
have been eaten by a Eurasian otter. Literature provides evidence of common males to be about
380 mm in length (Chugunova, 1959). This infers our otolith to most likely not be considered an
adult Atlantic Salmon.

CONCLUSIONS
Eurasian otters in the marine environment of the Ría de Arousa exhibit opportunistic
feeding behavior given the wide variety of consumed items in their diet. Diet revealed a majority
of items originated from marine species, accurately reflecting the novel environment of
coastal/marine waters as suggested in previous studies (Mason and MacDonald ,1986; Kruuk,
1995). Eurasian otters in this study area appear to eat fish most frequently as all samples showed
signs of fish remains. This finding confirms the first hypothesis’s prediction that fish comprise
the majority Eurasian otters’ diet in this environment, which has been suggested in other
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populations of Eurasian otters (Mason and Macdonald, 1986). The range in items were identified
from terrestrial to marine items, consisting from mammal hair and bones to crustaceans. We
inferred the mammal remains to have come from a small rodent and suggest the Eurasian otter to
have access to coastline lands based on this evidence. Our spraints and spraint site also revealed
two items confirming the consumption of cuttlefish through beaks found in spraints and
cuttlefish bones found within the spraint site. This is a novel finding as it expands the previous
thought of the diet of a threatened species and exhibits significant differences from freshwater
prey.
We cannot conclude whether Eurasian otters in this study are selecting specific lengths or
ages of fish species because of the lack of data on current abundance of fish available to otters in
the study area. Without this knowledge, we cannot make comparisons to the identified fish
species of our study and cannot conclude selection from the otter. However, otoliths collected
from the spraints revealed evidence of consumption of multiple fish species at varying lengths
between 24-361mm and ages between immature and adult. We can conclude Eurasian otters are
consuming more fish in the family Gobiidae than any other fish species identified, as over 46%
of otoliths found in the spraints belong to Gobiidae family. Between the three species of Gobies,
56% of their otoliths were estimated as adults. These results suggest Eurasian otters in this
marine environment are consuming more fish within the family of Gobiidae and over half of the
Gobies are adults. We can infer Eurasian otters are consuming more fish of larger length.
Selection for a slower fish species cannot be determined from this study. However, Gobies can
be considered more sedentary than other fish species as many cryptic species are common in this
family (Tang et. al., 2010). Gobies often rely on cryptic life history traits, such as coloration, to
avoid predation (Stevens et. al., 2014). This may suggest otters are consuming more Gobies that
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are investing more energy into avoiding detection than other fish species that invest in fast
swimming capabilities. Majority of fish in the Gobiidae family are marine species. This provides
evidence that Eurasian otters are in a costal/marine environment, will reflect what is available to
them from their environment in their diet, which supports the assumption Eurasian otters in
costal/marine environments will continue opportunistic feeding behavior as in freshwater
environments.
Future directions of research that can build upon this study include assessments of
spraints with volumetric data and known prey abundance data to assess predator selection. This
study lacked recording of volumetric or weight data of spraint samples. With future research
including this data, index of relative importance (IRI) can be calculated. IRI reduces bias of
reported consumed items within samples to provide a more proportionate representation (Hart et.
al., 2002). Another future study can include data on prey abundance and availability in a marine
system to provide evidence for which fish species’ specific sizes or swimming speeds are
selected for by the Eurasian otter. With knowledge of what is available to the otter, research can
provide evidence of selection in prey. Studies have investigated this question among river otters
inhabiting marine systems in North America and found selection for larger and slow-swimming
fish species (Cote et. al., 2008).
Limitations of the study included underestimations of total fish lengths from digested
otoliths, resulting from the digestive tract of the otter (Tollit et. al., 1997). This limitation can
suggest Eurasian otters selected for more adult fish than found in this study. However, the
combined quantitative and qualitative results of this study still provide better understanding of
Eurasian otters living in coastal/marine environments. The Eurasian otter is currently a
threatened species in this region of Spain and basic understanding of species’ conservation
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includes diet, in order to understand their vulnerability (Purvis et. al., 2001). This study’s
findings contribute to further conservation of Eurasian otters across all environments in which
the species inhabits. Otters will exploit resources available to them in their environment through
opportunistic feeding. This suggests otters have the ability to be flexible and adapt well to a
variety of environments (freshwater and marine/coastal). Therefore, through adaptability of their
environment and exploitation of local prey items, Eurasian otters may be able to rebound from
population declines and establish broader ranges in the future.
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TABLES AND FIGURES
Table 1. Number of occurrences, relative frequency occurrence (RO), and percentage frequency
occurrence (PO) in items consumed from March 25th through April 30th, 2018 and January 30th
through February 22nd, 2019 (N=15 samples).
Item

RO (%)

PO (%)

Otoliths

Number
Occurrences
14

16.09

93.33

Fish bones

15

17.24

100.00

Fish scales

15

17.24

100.00

Fish jaws

7

8.046

46.67

Fish Eyes

8

9.20

53.33

Cuttlefish Beaks

4

4.60

26.67

Crustaceans

5

5.75

33.33

Shells

4

4.60

26.67

Snails

2

2.30

13.33

Barnacles

1

1.15

6.67

Mammal hair

1

1.15

6.67

Mammal bones

1

1.15

6.67

Ticks

1

1.15

6.67

Algae

5

5.75

33.33

Stones

2

2.30

13.33

Plastic

2

2.30

13.33
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Table 2. Means of total otolith length (OL), total otolith width (OW), and total fish length (FL)
for 11 identified fish species.
Fish Species
(Common Name)

Otolith Total

Otolith Total

Total Fish Length

Number of
Otoliths

a

b

Length (OL)

Width (OW)

1

1.50

1.07

6.2

3.4

5

1.04

0.73

N/A

N/A

3

2.04

1.25

N/A

N/A

2

2.65

1.15

N/A

N/A

16

3.99

2.80

23.03

1.04

9

1.14

0.98

N/A

N/A

2

2.21

1.63

156.62

0.97

3

1.07

0.85

66.06

0.96

19

3.75

2.69

N/A

N/A

12

3.77

2.77

30.51

0.73

18

3.3

2.99

27.02

0.83

(FL)

Salmo salar
(Atlantic Salmon)

24.61

Scomberesox saurus
(Atlantic Saury)

N/A

Labrus bergylta
(Ballon Wrasse)

N/A

Tripterygion delaisi
(Black-Face Blenny)

N/A

Gobius niger
(Black Goby)

97.29

Gobiidae
(Common Goby)

N/A

Anguilla anguilla
(European Eel)

337.97

Sprattus sprattus
(European Sprat)

70.28

Gobius paganellus
(Rocky Goby)

N/A

Gobius roulei
(Roules Goby)

79.99

Gobius gasteveni
(Steve’s Goby)

72.79
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Figure 1. Map of study area, Ría de Arousa Galicia, Spain (Séguigne et. al., 2018).

Figure 2. Example of otolith classified as full.

Figure 3. Example of otolith classified as damaged, missing less than half.
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Figure 4. Percent of occurrence in items consumed from March 25th through April 30th, 2018
and January 30th through February 22nd, 2019 (N=15 samples).

Figure 5. Regressions of fish total length on total otolith length for Gobuis niger, Black Goby.
(y=ax^b; y= total fish Length (FL), x= total otolith length (OL))
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Figure 6. Regressions of fish total length on total otolith length for Sprattus sprattus, European
Sprat. (y=ax^b; y= total fish length (FL), x= total otolith length (OL))

Figure 7. Regressions of fish total length on total otolith length for Gobius roulei, Roule’s Goby.
(y=ax^b; y= total fish length (FL), x= total otolith length (OL))
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Figure 8. Regressions of fish total length on total otolith length for Gobius gasteveni, Steve’s
Goby. (y=ax^b; y= total fish length (FL), x= total otolith length (OL))
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APPENDIX

Complementary Information
Visual Otter Observations
Myself and BDRI volunteers conducted additional otter behavioral sightings to confirm
presence of the Eurasian otter. Two volunteers were placed at two points near the O Grove
harbor for up to three-hour observational periods in search of the otter. Once sighted, data were
recorded such as location, presence of fish in mouth, and respiratory samples. The behavior of
the Eurasian otter was noted during the sighting up till the otter left visibility of the observer.
A night camera was also placed in view of the spraint site to confirm the otter’s presence
and identify and determine number of otters.

Fish Aging Analysis
Age should be taken in consideration to verify length of prey item selected by the
Eurasian otter as otoliths partly digested can lead to underestimates of fish size (Tollit et. al.,
1997). Taking length and width measurements alone can be bias as the otoliths are digested
through the otters’ digestive tract and can give inaccurate results depending on level of severity.
Using the technique of “Crack and Burn” can give reliable estimations of age for fish species as
the process depends on internal annuli in the otolith that are not as affected through digestion.
The crack and burn method involve cracking one otolith in half or using the damaged
otoliths, sanding slightly on sand paper and holding it over a candle flame until a dark brown or
in some cases a black shade from the flame. The otolith is sanded again if needed and the flat
cracked side faced upwards in molding clay. One drop of immersion oil is placed on the otolith
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half and observed under the microscope. Any clearly opaque lines that stand out are accounted
for the number of years the fish has been alive. Once a clear view of the cracked otolith can be
seen, a picture is taken.
The “Crack and Burn” method was attempted on damaged otoliths but no results could be
concluded. Clear opaque lines did not become visible and therefore age could not be verified.

